II. SYSTEM MODEL A.OFDM System
The basic idea underlying OFDM systems is the division of the available frequency spectrum into several sub-carriers [7] . To obtain a high spectral efficiency, the frequency responses of the sub-carriers are overlapping but orthogonal [8] .A block diagram of an underwater acoustic communication (UWAC) OFDM system is shown in Fig.I . whole frequency domain, thus, strongly impacts adjacent sub-channels [4] [5] .Various algorithms have been proposed for NBI suppression. And the nyquist window is one outcome of such investigations [6] .
In this paper, we propose a nyquist window for OFDM receiver without additional expense of system bandwidth, and choose the rectangular window and the raised cosine window window for analysis and simulation. The study was based on the experimental results in real underwater acoustic channel.
The rest of this paper is organized as follows. In Section 2, the signal processing operations in underwater acoustic Orthogonal Frequency Division Multiplexing system was described .Different kinds of window were described in Section 3.Simulation results were given in Section 4, as well as the experiment results in the experimental pool of Xiamen University. Multi-carrier modulation is well known as an attractive technology to single-carrier broadband modulation on channels with frequency-selective distortion. When used with the Fast Fourier Transform and Inverse Fast Fourier Transform (FFT/IFFT) modulation pair of the so-obtained Orthogonal Frequency Division Multiplexing (OFDM) scheme enables channel equalization in the frequency domain, thus eliminating the need for potentially complex timedomain equalization [1] . For this reason, OFDM has found application in a number of systems. Underwater acoustic (UWAC) OFDM system has been widely studied to overcome the complexity of underwater acoustic channels [2] and get a high speed data transmission.
Though OFDM offers ease of channel equalization in the frequency domain, it is extremely sensitive to any frequency offset that can result from a Doppler distortion caused either by the transmitter/receiver motion, or from a mismatch between the frequencies of the local oscillators or by a mismatch between the sampling rates. An OFDM system can only tolerate a frequency offset that is much smaller than the carrier spacing. Otherwise, due to the effect of "spectral leakage" in discrete Fourier transform(DFT) [3] , which is used in OFDM receivers, spectrum of narrowband interference(NBI) will be spread in the
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Abstract-orthogonal Frequency Division Multiplexing (OFDM) is well known as a very attractive technology for communication. However, because of the spectral leakage in discrete Fourier transform, the spectrum of narrowband interference is spreaded to impact adjacent sub-carriers in OFDM system. Receiver window function was previously implemented to suppress narrow-band interference. In this paper, different kinds of receiver window functions were compared in the underwater acoustic OFDM system. The results of simulation and experiment show that the raised cosine window can suppress NBI and reduce the BER. 
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III. USING A WINDOW IN TIME DOMAIN
In the traditional OFDM receiver, the remaining N data samples in an OFDM symbol are fed into the FFT module after the guard interval (GI) is removed. This process equals to the received signal multiplying by an N-points rectangular window. If the frequency of NBI is located at the center of a subcarrier, there will be no ICI, that is to say the orthogonality of subcarriers will not be destroyed. Otherwise, the NBI will cause spectral "leakage" ,which means the spectrum of the NBI will be spread in the frequency domain and impact adjacent sub-carriers.
The presence of NBI can severely degrade the performance of the OFDM system [12] . Various algorithms have been proposed for NBI suppression. In [13], a Nyquist window function is used instead of the rectangular window commonly used in the receiver DFT. In this paper, the performance of receiver window functions to suppress NBI, including rectangular window and the raised cosine is also considered.
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In the above equation, I is the normalize Rk,n,Hk,n,Sk,n,Nk,n and Ik,n represent the corresponding kth frequency domain coefficient in the nth symbol. Where
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Where Ie is the interference frequency, and {} is a Random phase offset. Generally, the kth sample of the baseband received signal in time domain can be represented as where s is a diagonal matrix containing the transmitted signal points, h is a channel attenuation vector, n is a vector of independent identically distributed complex zero-mean Gaussian noise with variance (j~• The noise n is assumed to be uncorrelated with the channel h .And i is the interference. After FFT we got Rk,n = Hk,nSk,n + Nk,n + Ik,n (6) B. Raised Cosine Window o ahowse (9) In the above equations, a is the roll-off factor, T u is the duration of the window . Fig. 2 shows the amplitude of frequency spectra of different window functions, respectively.
Although traditional rectangular window is easy to be implemented , it has large side-lobe and results in large spectral leakage. A Nyquist window which has small side-lobe , such as the raised cosine, will reduce the amount of spectral spreading experienced by the NBI. 
IV. EXPERIMENT RESULTS
A. Experiment design
In order to know the frame boundary, LFM signals are appended before the data sequence before transmitted into the channel. At receiver side, time synchronization is done via correlating the received samples with the known LFM sequence . After that, the received data are divided into OWAC OFDM symbols. System specification for the experiment is shown in Table 1 . There are all kinds of schemes of applying window functions in OFDM receivers . In [14] , by repeating the last part of original symbol as prefix and the first part of original symbol as postfix, each OFDM symbol (N points) is extended to 2N points . In [15] , a "folding" method for the implementation of window function is proposed, which is showed in Fig.3 . The received sequence in an OFDM symbol after multiplying by the window function, the first W samples in GI covered by the window function are added to the last W samples in the same symbol. With this process, the remaining N samples are fed into FFT and GI is removed. 
The experiment was carried out at the experimental pool in Xiamen University. Fig.4 depicts the location of transmitter and receiver transducers. The distance between the transmitter and the receiver is 10m.Both of them kept still during the whole experiment. The BER results of experiment were given in the Table 3 , as well as the average BER. In this paper, we propose a Raised Cosine Window for OFDM receiver and apply it to OWAC OFDM system. Based on the results of simulation and experiment, the Raised Cosine Window applied to OFDM receiver can suppress NBI and reduce the BER, which has simple structure, and only needs a little modification in the receiver. 
